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ABSTRACT
MN112 is the Galactic luminous blue variable (LBV) candidate with circumstellar
nebula. P Cygni is the first discovered LBV, which was recorded during major erup-
tions in the 17th century. The stars have similar spectra with strong emission hydrogen
lines, He i, N ii, Si ii, and Fe iii lines. We present results of the spectroscopic analysis
and modeling of MN112 spectra. We obtained main stellar parameters and chemical
abundances of MN112 and compared them with those of P Cygni. Atmosphere mod-
els were calculated using non-LTE radiative transfer code CMFGEN. We have used
spectra of MN112 obtained with the 3.5-m telescope at the Observatory of Calar Alto
and 3.5-m ARC telescope at the Apache Point Observatory. P Cygni spectra were
taken with the 6-m BTA telescope. We have found the best-fit of the observed spec-
trum with the model at temperature Teff = 15 200K, clumping-corrected mass-loss rateÛM f −0.5 = 5.74 × 10−5 Myr−1, filling-factor f = 0.1, luminosity L = 5.77 × 105 L for
MN112. The ratio of helium to hydrogen He/H is 0.27 (by the number of atoms)
with nitrogen overabundance (XN/X = 6.8) and the underabundance of carbon
(XC/X < 0.1).
Key words: stars: fundamental parameters – stars: mass-loss – stars: winds, outflows
– stars: individual: MN112, P Cygni
1 INTRODUCTION
Luminous blue variables (LBVs) are stars in a short-term
stage of evolution of the massive stars. LBV stars are char-
acterized by a high mass loss rate due to the stellar wind.
The stars show strong spectral and photometric variabil-
ity on different time scales (van Genderen 2001). During
the visual maximum, when the temperature decreases to
7000–8000 K (cold state), the mass-loss rate increases up to
∼ 10−4 Myr−1 (Humphreys & Davidson 1994; Stahl et al.
2001). Spectra of LBV stars at maximum brightness in the
visual range are similar to those of A-F type stars (Massey
et al. 2007). When the visual brightness decreases, the tem-
perature of a star can reach more than 35 000 K (Clark et al.
2005). In this state the LBV spectra are similar to the spec-
tra of WNLh stars.
Classic LBVs evolved from massive stars with M >
40M, have bolometric values between −8.5 and −11.5
(log L/L >∼ 5.3). The high mass-loss rate does not allow them
to become red supergiants (RSGs). The less luminous stars
? kostenkov@sao.ru
with Mbol below −8.5 mag have initial masses ∼ 25 − 40M
and can become RSGs (Humphreys et al. 2016).
MN112 was first discovered by Gvaramadze et al. (2010)
and classified as an LBV candidate according to the results
of studying a ring-like nebula in the IR-range and optical
spectroscopy of its central star. In that paper two possible
distances were determined based on the location of MN112
near the open cluster NGC 6823 (2 − 3.5 kpc) or in the
Perseus arm (>∼ 7 kpc). The first accurate distance estimates
' 6.93+2.74−1.81 kpc were obtained from the GAIA DR2 survey
(Bailer-Jones et al. 2018). MN112 does not have S Dor-type
variability, its magnitude variations are below 0.2 mag. In
the optical spectrum of MN112 only one forbidden line of
[N ii] λ5755 is present, which is probably formed in the outer
parts of the wind and can be used as the terminal velocity
estimate (Stahl et al. 1991).
P Cygni is the first discovered LBV star and one of the
brightest stars in Galaxy. It was first recorded during major
eruptions in 1600 and 1655, when the visual brightness of
P Cygni increases to 3 mag (Humphreys & Davidson 1994).
By the beginning of the 18th century the brightness of P
Cygni decreased to 5 magnitude. Since the first observations
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in 1715 the visual brightness of P Cygni has been slowly
increasing by 0.15 ± 0.02 per century at constant luminosity
(Lamers & de Groot 1992). Today P Cygni has a brightness
of 4.8 mag, irregularly variable by ±(0.02−0.03) mag on time
scales about several years (Balan et al. 2010).
The spectroscopic studies of P Cygni were presented in
the works Najarro et al. (1997b) and Najarro (2001), where
the luminosity L = 6.1×105 L, temperature Teff = 18 700K,
radius R = 76 R and mass-loss rate ÛM = 3.3 × 10−5 Myr−1
were determined. The first distance estimates of 1.7 and 1.8
kpc were obtained from the membership of P Cygni in the
cluster IC 4996, which is a part of the association Cyg OB1
(Lamers et al. 1983; Najarro et al. 1997b). The GAIA DR2
distance to P Cygni ' 1.37+0.56−0.31 kpc is 30% less (Smith et al.
2019; Bailer-Jones et al. 2018). The terminal velocity V∞ =
185 km s−1 was measured by many forbidden lines of [Fe ii],
the line of [N ii] λ5755 (Stahl et al. 1991) and [Ne ii] 12.81
µ, [Ne iii] 15.55 µ (Lamers et al. 1996).
In this paper we focused on determining the main stellar
parameters and chemical abundances of MN112 and compar-
ing them with those of P Cygni. It is assumed that MN112,
like P Cygni, is the LBV star in the dormant state. The ob-
served spectra of MN112 were compared with non-local ther-
modynamic equilibrium (non-LTE) model spectra. There
are several non-LTE radiation transfer codes for modeling
extended star atmospheres. For our analysis of the optical
spectra we have used the iterative non-LTE line-blanketing
code CMFGEN (Hillier & Miller 1998). CMFGEN code is
actively used to study the spectra of LBV stars (e.g. Groh
et al. 2009; Mehner et al. 2017; Maryeva et al. 2018).
2 OBSERVATIONS AND DATA REDUCTION
In this work we have used spectra of MN112 obtained with
the Cassegrain Twin Spectrograph (TWIN) of the 3.5-m
telescope at the Observatory of Calar Alto (Spain) on 2009
May 5 in the spectral ranges 3500–5600 A˚ and 5300–7600 A˚.
The spectral resolution was 3.4 A˚ with seeing '1.3 arcsec.
The near-infrared (NIR) spectra of MN112 are obtained
with the TripleSpec (Wilson et al. 2004) spectrograph on
the 3.5-m ARC telescope at the Apache Point Observatory
(APO, New Mexico, USA) in November of 2012 in the spec-
tral range 0.95–2.46 µm with mean spectral resolution 5 A˚.
In addition, we used spectra of MN112 obtained with
the 6-m BTA telescope using the SCORPIO spectrograph on
2009 June 21, with spectral ranges 4030–5830 A˚ and 5730–
7500 A˚. The spectral resolution was 5 A˚ and seeing '1.5 arc-
sec. Data reduction was performed using the standard pro-
cedures.
3 METHODS
CMFGEN code solves the radiative transfer equation in the
comoving frame for spherical geometry in conjunction with
the statistical equilibrium equations and the radiative equi-
librium equation for the expanding atmospheres of WR,
LBV and O-stars (Hillier 1990). The velocity law (Hillier
1989) is characterized by an isothermal effective scale height
h in the inner atmosphere and becomes a β law in the wind
(Lamers et al. 1996):
V(r) = V0 + (V∞ − V0)(1 − R∗/r)
β
1 + (V0/V∗) exp[(R∗ − r)/h]
(1)
where R∗ is the star radius with Rosseland optical depth
τ & 20, V∞ is the terminal velocity, V∗ is the velocity at
R∗, V0 defines velocity where transition between hydrostatic
structure and wind occurs. The code uses a simple filling-
factor approach to include clumping in models (Hillier &
Miller 1999):
f (r) = f0 + (1 − f0) exp
(
−V(r)
Vcl
)
(2)
where f0 is a filling-factor at a distance corresponding to
wind velocity Vcl. The volume filling-factor is the ratio of the
volume filled with clumps to the total wind volume. It can be
defined as the ratio of the average wind density to the den-
sity inside clumps. The emissivities and opacities scale as the
square of the density for thermal processes, while electron
scattering scale linearly. This leads to a reduction of the rel-
ative strength of the electron-scattering wings in the strong
emission lines, compared to a smooth-wind model (Hillier
1991). The wind clumping reduces the empirical mass-loss
rate of the homogeneous model by a factor of 1/√ f .
All models are prescribed by the stellar radius R∗, the
stellar luminosity L∗, the velocity field V(r), the mass-loss
rate ÛM, the volume filling-factor f , and the abundances Xi of
the included elements. Only the terminal velocity can be in-
dependently estimated from the spectrum, for other param-
eters it is necessary to construct the corresponding model
grids depending on the properties of the object.
The terminal velocity from the optical spectra of
P Cygni-like stars can be determined using FWHM mea-
surements of forbidden lines which are formed in outer wind
regions with near constant expansion velocity, for example,
some [Fe II] lines and [N II] λ5755 line (Stahl et al. 1991).
Moreover, the wind velocity estimates can be obtained
by a blue shift of absorption component of strong hydrogen
and helium emission lines. These estimates are significantly
affected by spectral resolution. Moreover, velocity values ob-
tained with this method strongly depend on β in the wind
velocity law. At high β the absorption component of P Cyg
profile becomes closer to emission component, while emission
component decreases in line width and enhances in intensity
at line center (Najarro et al. 1997b). In this study we used
a simple β law (1) to describe the structure of the wind.
Independent estimates of MN112 temperature from op-
tical spectra can be determined using ratios of lines of dif-
ferent ionization stages of the same chemical element (e.g.
Si II/Si III). We have used additional criteria for more accu-
rate estimates.
A slight decrease in temperature can lead to a signifi-
cant change in the ionization structure of the wind and an
increase of the opacity in the resonance Lyman series lines
(Najarro et al. 1997b). As a result, the absorption compo-
nent of the P Cyg profiles of the Balmer series lines show a
notable dependence on the ionization structure of the wind
and can be used for temperature and mass-loss rate esti-
mates (Groh & Vink 2011).
Estimates of the lower temperature limit were based
on the presence of the strong N II λ5001, λ5047 and λ6486,
MNRAS 000, 1–9 (2020)
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λ6610 lines and temperature-sensitive groups of N II λ5915–
5960 and Fe III λ5919–5964 lines in the MN112 spectrum.
We have used Si III λ4554/Si II λ6347 lines ratio, ab-
sorption component of Hβ line and temperature-sensitive
lines presented above to determine wind ionization struc-
ture of MN112.
An increase of the photospheric velocity V0 leads to a
decrease of the photosphere radius R2/3 (radius at Rosse-
land optical depth τ = 2/3) and an increase of the effec-
tive temperature Teff. In addition, photospheric radius R2/3
(and hence an effective temperature Teff) strongly affected
by choice of β in high density winds with Vphot > Vsonic.
An accurate estimates of the photospheric velocity cannot
be obtained from the optical spectrum. The photospheric
velocity was determined from the modeling of the near in-
frared hydrogen and He i lines. The equivalent width of lines
in NIR spectral region primary controlled by variations of
the continuum flux (Najarro et al. 1997a).
The wind clumping were determined in the optical
range by the strength of electron-scattering wings of Hα,
Hβ. Clumped mass-loss rate ÛM f −0.5 was considered con-
stant to keep equivalent widths of hydrogen and helium lines
equal in models with different clumping factor. We have as-
sumed that clumping is dumped at low velocities and ra-
diation instabilities become important at Vcl = 100 km s−1
(Owocki 1991; Hillier & Miller 1999). The choice of velocity
Vcl, where clumping should be switched on, is crucial for de-
termining ionization structure at low velocities. For example,
decrease in Vcl from 100 km s−1 to 30 km s−1 in our models
significantly enhance Fe II 5169, Si II lines in addition to hy-
drogen and helium lines, while many N II and Fe III lines
become much weaker. Models with Vcl = 30 km s−1 require
higher effective temperatures to match N II λ5915–5960 and
Fe III λ5919–5964, λ5127, λ5156 lines. At higher tempera-
tures hydrogen remains ionized even in outer parts of the
wind. These models have poor agreement with observations
in absorption component of Balmer series lines. The filling-
factor f variations with Vcl = 100 km s−1 strongly affect only
hydrogen, helium, Fe II 5169 and Si II lines.
The turbulent velocity Vturb can be estimated by the
shift of the strong He i and hydrogen lines to the red part of
the spectrum. In lines with high optical depth (e.g. Hα, Hβ),
most emitted line photons are reabsorbed in resonance zone.
In this case, there are significant chance that photons will ex-
perience electron scattering. As a result, redshifted photons
cannot be reabsorbed within resonance zone (Hillier 1989).
Moreover, strength of absorption components depends on
the turbulent velocity.
We have determined luminosity by approximating pho-
tometric data with the model spectrum in different filters.
Best-fit model can be scaled to the new luminosity, radius
and mass-loss rate with constant effective temperature as
L ∼ R2 and L ∼ ÛM4/3. There are more accurate relations be-
tween these parameters for P Cygni like stars (Najarro et al.
1997b).
After determining the fundamental parameters (L, T ,
ÛM, V∞), we have found H/He ratio and chemical abundances
of C, N, Si, Fe. The ratios between Hα, Hβ, Hγ and He I lines
were used to find hydrogen fraction in the wind. We have
determined carbon and nitrogen abundances by approxima-
tion of C II λ7231, λ7236 and N II λ5047, λ5001-5010 lines,
respectively.
Table 1. Main model parameters and chemical abundances for
MN112 and P Cygni; (a) the model parameters were taken from
Najarro (2001); (b) R2/3 and Teff are radius and temperature at
τ = 2/3, T∗ is the temperature at hydrostatic radius R∗ (τ & 20)
(c) Parameters of reproduced CMFGEN model of P Cygni.
MN112 P Cygni
d [kpc] 6.93 1.8
L∗ [L] 5.77 × 105 6.1 × 105
R∗ [R]b 49 76
R2/3 [R]b 110 105c
T∗ [kK]b 22.8 18.7
Teff [kK]b 15.2 ± 0.5 15.9cÛM f −0.5 [Myr−1] (5.74 ± 1.0) × 10−5 3.3 × 10−5
V∞ [km s−1] 300 ± 10 185
V0 [km s−1] < 15 30
Vturb [km s−1] 25 ± 10 15
β 3.4 ± 0.2 2.5
f 0.1 ± 0.05 0.5
XHe/XH 0.27 ± 0.05 0.29
XN/X 6.8 ± 1.5 6.8
XC/X < 0.1 0.3
XO/X - 0.2
XSi/X 1.0 ± 0.1 1.1
XFe/X 1.0 ± 0.2 1.0
Ref This work (a)
Table 2. Main stellar parameters of MN112 best-fit models with
different terminal velocities.
Model 1 Model 2 Model 3
L∗ [L] 5.77 × 105 3.60 × 105 3.09 × 105
R∗ [R] 49 49 49
R2/3 [R] 110 88 88
T∗ [kK] 22.8 20.2 19.5
Teff [kK] 15.2 15.1 14.5ÛM f −0.5 [Myr−1] 5.74 × 10−5 3.80 × 10−5 4.50 × 10−5
V∞ [km s−1] 300 325 388
V0 [km s−1] 1 20 19
Vturb [km s−1] 25 25 25
β 3.4 4.0 6.5
f 0.4 0.35 0.1
XH [%] 40 40 40
XN/X 6.8 6.8 6.8
XC/X 0.1 0.1 0.1
XO/X 0.1 0.1 0.1
XSi/X 1.0 1.0 1.0
XFe/X 1.0 1.0 1.0
4 RESULTS
We present main stellar parameters of our best-fit model for
MN112 in Table 1. The parameters from Najarro (2001) were
chosen as the best-fit model for P Cygni. The normalized1
optical spectra and best-fit model of MN112 with the most
important lines are illustrated in Fig. 1. Selected optical and
NIR lines in observed spectra and best-fit model are pre-
sented in Fig. 2 and 3, accordingly. We have used P Cygni
spectrum presented in Gvaramadze et al. (2010) for com-
1 DIBs at red wing of Hβ line were corrected in normalized TWIN
spectrum of MN112 for clear comparison with model spectra.
MNRAS 000, 1–9 (2020)
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Figure 1. The normalized optical spectrum of MN112 (grey solid line) compared with the best-fit CMFGEN model (black solid line).
The vertical long lines above the spectrum are N ii, the short lines are Fe iii. Diffuse interstellar bands (DIBs) under the spectrum are
marked with black lines.
parison with spectra of MN112. P Cygni and MN112 have
a lot of similar emission lines of hydrogen, He i, N ii, Si ii
and Fe iii in the optical spectra. Both stars have weak ab-
sorption components in the Balmer series lines and strong
P Cyg profiles in He i, N ii and Fe iii lines. We used sev-
eral models to investigate how absorption component was
resolved in low resolution spectra. Fig. 4 shows profile of Hα
and Hβ lines of our best-fit model with different tempera-
tures at low and high resolutions. Absorption components in
hotter model (e.g. small ”bump” in Hα line) almost disap-
peared at low resolution and only asymmetric wings of Hβ
line indicate to absorption component. Further increase in
temperature do not lead to significant changes in Hα profile
with low resolution.
The spectrum of MN112 has stronger N ii (e.g. λ5047,
λ5001-5010, λ5915–5960, λ6486, λ6610), Si II (λ5056, λ6348,
λ6371) and Fe iii (λ5127, λ5156, λ5919–5964) emission lines
than P Cygni. There are no He ii and N iii emission lines
in both spectra. The Oxygen lines are absent in the optical
spectra of MN112 and P Cygni. There are only two weak
C ii λ7231, λ7236 lines in both spectra. The carbon lines
located at the right edge of MN112 and P Cygni spectra. An
accurate estimates of carbon abundance cannot be obtained
due to low signal-to-noise ratio in this part of the spectra.
There are no Fe ii and [Fe ii] in the MN112 spectrum.
MNRAS 000, 1–9 (2020)
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Figure 2. Comparison of selected optical lines in the observed spectrum of MN112 (black sold line) and the best-fit CMFGEN model
(black dotted line). Top, from left to right: Hγ; He I λ4471; N II λ4601-4643; Hβ; He I 5015, N II λ5045, Si II λ5040, λ5055; Fe III λ5127,
λ5156. Bottom: He I λ5876; Si ii λ5916, λ5959–5961, N ii λ5915–5960, Fe iii λ5919–5964; Si II λ6348, λ6371; Hα; He I λ6678, He I λ7065.
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Figure 3. Comparison of selected near-infrared lines in the observed spectrum of MN112 (black solid line) and the best-fit CMFGEN
model (black dotted line). From left to right: He I λ10830; He I λ10913, λ10917, H I (Paγ) λ10938; He I λ12783-12846, H I (Paβ) λ12818;
He I λ19434-19543, H I (Brδ) λ19445; He I λ20581; He I λ21617-21649, H I (Brγ) λ21655.
For all models we used fixed radius R = 49 R. Changes
of effective temperature were controlled via luminosity vari-
ations. We have used two optical spectra of MN112 for tem-
perature estimates. The spectrum of MN112 obtained with
BTA-telescope have lower resolution 5A˚, but higher signal-
to-noise ratio compared to TWIN spectrum. In Fig 5 we
present best-fit model with different temperatures compared
to observed spectra. As seen in Fig 5, even small decrease in
temperature (≈1 kK) can significantly increase strength of
Hβ absorption component and Si ii, Fe ii lines. Lines of Si ii
and Fe ii strongly depends on the wind density and ioniza-
tion structure, a large contribution to the abundances of Si ii
and Fe ii is made by the charge-exchange process in the outer
parts of the wind.
Lines of Fe iii λ5127, λ5156 do not show a notable tem-
perature dependence, while the Fe ii λ5169 significantly in-
creases at lower temperatures. The groups of N ii and Fe iii
lines (especially N ii λ5915aˆA˘S¸5960 lines) in the range of
λ5915–5964 are strongly influenced by variations of the wind
ionization structure.
We built more than 100 models in the range ÛM =
3.0–7.0×10−5 Myr−1 and T∗ = 19 000–23 000K with different
velocity distributions (see below) to more accurately deter-
mine temperature and mass-loss rate. We found that the
temperature of MN112 is Teff = 15200± 500K and mass-loss
rate is ÛM = (5.47 ± 1.0) × 10−5 Myr−1
The interstellar reddening Av = 8.45 ± 0.11 was esti-
mated by approximating photometric data in B=17.13 ±
0.12mag, V=14.53 ± 0.03mag, I=11.15 ± 0.03mag bands
(Gvaramadze et al. 2010) with the best-fit model at Teff =
15 200K using Fitzpatrick (1999) absorption curves. The
flux-calibrated spectrum of MN112 with best-fit model and
photometric magnitudes are presented in Fig. 6.
For the distance of 6.93+2.74−1.81 kpc, the luminosity of
MN112 is L ' 5.77+2.28−1.50 × 105 L and mass-loss rate isÛM f −0.5 = 5.74+1.63−1.17 × 10−5 Myr−1. In addition, GAIA DR2
distance estimates have errors for stars with large radii re-
lated to the light beam shift (Berlanas et al. 2019). For ra-
dius R = 42 R (L ' 4.27 × 105 L, d = 5.12 kpc) GAIA DR2
error is ≈ 20%. In this case, minimal distance estimate for
MN112 according to GAIA DR2 is ≈ 4.0 kpc. We suggest
that MN112 most probably located at distance & 7pc (in
the Perseus arm), because lower distance estimate is higher
than upper distance estimate ≈ 3.5 kpc (Sagar & Joshi 1981)
to open cluster NGC 6834 and OB association Vul OB1 (in
the Orion arm). In addition, more recent researches point
to smaller distance values ≈ 2 kpc to Vul OB1 (Kharchenko
et al. 2005; Billot et al. 2010). All luminosity estimates pre-
sented above depend on the adopted terminal velocity value.
We received FWHM measurements 8.19 ± 0.35 A˚ of the
[N ii] λ5755 line. It corresponds to the terminal velocity
V∞ = 388 ± 20 km s−1 with correction for instrumental res-
olution ' 3.4 A˚. These estimates are identical to the wind
velocity V∞ = 394± 50 km s−1 obtained in Gvaramadze et al.
(2010). We compared several models with different termi-
nal velocities. Calculations show that models with velocities
300 − 400 km s−1 corrected for instrumental resolution have
acceptable agreement with observations in [N ii] λ5755 line.
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Figure 4. The absorption profile of Hα and Hβ lines in model
spectra of MN112 with different temperatures. The observed spec-
trum of MN112 is marked with black solid line. Best-fit model
with effective temperature Teff = 15.2kK is black dotted line.
Model with higher temperature Teff = 15.5kK is gray solid line
Top: model spectra smoothed with spectral resolution that corre-
spond observed spectra (3.4A˚). Bottom: model spectra with high
spectral resolution 0.1A˚.
We have calculated three models with different ter-
minal velocities V∞ = 300 km s−1, V∞ = 325 km s−1 and
V∞ = 388 km s−1. Main stellar and wind parameters for these
models presented in Table 2. Fig 7 shows comparison of se-
lected line profiles of different models. We have varied some
parameters (T∗, β, f , Vvphot) to obtain equal EW and profile
of Hα line in all models.
We have investigated the influence of the velocity law
on the optical spectrum in our models. Models with lower
terminal velocities require lower β to match FWHM of Hα,
however, low β values significantly affect ionization struc-
ture at velocities V < V∞/2. In addition, models with higher
β have stronger electron scattering wings compared to mod-
els with equal emission peak of Hα line. It can be probably
related to slower drop in density at low velocities. Different
filling-factor f values were used to match electron-scattering
wings in Hα line. We calculated several models for each ve-
locity with a constant empirical mass-loss rate ÛM f −0.5 to
estimate the volume filling-factors. Our filling-factor esti-
mates are typical for LBV stars which ranging from 0.1 to
0.5 (Groh et al. 2009; Mahy et al. 2016). We assume that
clumping starts at Vcl = 100 km s−1, Consequently, varia-
tions in filling-factor values affect mass-loss rate ( ÛM f −0.5
should be fixed to keep EW of hydrogen and He I lines equal)
and hence ionization structure at velocities V < 100 km s−1.
Fig 7 shows major difference between models in Fe III
λ5127, λ5156 lines, groups of N II λ5915–5960 and Fe III
λ5919–5964 lines. Model with terminal velocity V∞ =
388 km s−1 require higher temperature to match N II and
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Figure 5. Model spectra of MN112 smoothed with spectral res-
olutions 3.4A˚ (top, mid) and 5A˚ (bottom) at different temper-
atures. Observed spectra of MN112 is marked with black solid
line. Best-fit model with effective temperature Teff = 15.2kK is
black dashed line. Model with lower temperature Teff = 14.9kK is
grey solid line. Model with higher temperature Teff = 15.8kK is
black dotted line. Top and bottom, from left to right: Si III λ4554,
λ4567; absorption component of Hβ line; N II λ5045, Si II λ5040.
Mid: Fe III λ5127, λ5156, Fe II λ5169; Si ii λ5916, λ5959–5961,
N ii λ5915–5960, Fe iii λ5919–5964; Si II λ6348, λ6371.
Fe III lines. In this case, mass-loss rate should be increased
to keep equal ionization structure in outer parts of the wind
and match absorption component of Balmer series lines.
As a result, EWs of Hα and Si II lines become too high
and have poor agreement with observations. Model with
V∞ = 300 km s−1 have best-fit in lines in both inner and
outer regions of the wind (Si III/Si II, Fe III and hydrogen
lines).
In Fig 8 we present selected lines profiles for our best-
fit models with different photospheric velocities. The tem-
perature at hydrostatic radius T∗ was corrected to keep
equal ionization structure between models. EW of NIR
lines significantly increases at Vvphot & 15 km s−1 and
Vvphot & 30 km s−1 for models with V∞ = 300 km s−1 and
V∞ = 325 km s−1 respectively. Photospheric velocity esti-
mates are 1−15 km s−1 for V∞ = 300 km s−1 and 20±5 km s−1
for V∞ = 325 km s−1.
The turbulent velocity Vturb = 25 km s−1 was deter-
mined from the shift of the strong He i and hydrogen lines
in models compared to observed spectrum of MN112. The
Balmer series and He i lines of model spectra were shifted to-
wards long-wavelength region relative to the observed spec-
tra at turbulent velocities higher than 40 km s−1. Models
with different turbulent velocities and observed spectrum
are presented in Fig. 9. The turbulent velocity estimates
are Vturb = 25 ± 10 km s−1. In addition, turbulent velocity
variations slightly affect absorption component in Si III and
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Figure 6. The optical flux-calibrated spectrum of MN112 (black solid line) with best-fit model (grey solid line). Photometric magnitudes
in B, V, I bands for our best-fit model are marked with grey triangles. The black circles are photometric magnitudes from Gvaramadze
et al. (2010). Data errors are comparable to the marker size.
4549 4559 45690.85
0.90
0.95
1.00
1.05
1.10
4843 4863 48830.95
1.00
1.05
1.10
1.15
1.20
1.25
1.30
4843 4863 4883
1.0
1.5
2.0
2.5
3.0
3.5
5044 5054 50640.85
0.90
0.95
1.00
1.05
1.10
1.15
1.20
1.25
5120 5135 5150 51650.8
0.9
1.0
1.1
1.2
1.3
5746 5756 57661.00
1.05
1.10
1.15
1.20
1.25
5868 5878 5888
1.0
1.5
2.0
2.5
3.0
3.5
4.0
5918 5938 59581.00
1.05
1.10
1.15
1.20
1.25
1.30
6336 6356 63761.00
1.05
1.10
1.15
1.20
1.25
1.30
1.35
6541 6566 65911.0
1.1
1.2
1.3
1.4
1.5
1.6
6546 6566 65860
2
4
6
8
10
12
6666 6681 66960.50
0.75
1.00
1.25
1.50
1.75
2.00
2.25
2.50
10795 10835 108750.0
0.2
0.4
0.6
0.8
1.0
1.2
1.4
1.6
1.8
10795 10835 108750
2
4
6
8
10
10900 10940 10980
0.8
1.0
1.2
1.4
1.6
1.8
2.0
2.2
2.4
20532 20587 20642
0.25
0.50
0.75
1.00
1.25
1.50
1.75
2.00
20532 20587 20642
1
2
3
4
5
6
21595 21645 21695
0.8
1.0
1.2
1.4
1.6
1.8
2.0
2.2
2.4
Wavelength, Å
No
rm
al
ize
d 
flu
x
Figure 7. Comparison of selected optical and near-infrared lines in best-fit models with different terminal velocities. Models are marked
with black solid (V∞ = 300km s−1), black dotted (V∞ = 325km s−1) and grey solid (V∞ = 388km s−1) lines. Top, from left to right: Si III
λ4554, λ4567; absorption component of Hβ line; Hβ; N II λ5045, Si II λ5040; Fe III λ5127, λ5156; [N II] λ5755. Mid: He I λ5876; Si ii
λ5916, λ5959–5961, N ii λ5915–5960, Fe iii λ5919–5964; Si II λ6348, λ6371; absorption component of Hα line; Hα; He I λ6678. Bottom:
absorption component of He I λ10830 line; He I λ10830; He I λ10913, λ10917, H I (Paγ) λ10938; absorption component of He I λ20581
line; He I λ20581; He I λ21617-21649, H I (Brγ) λ21655.
Balmer series lines, which increases error of temperature es-
timates.
We found a similarity between the chemical abun-
dances of MN112 and P Cygni. The hydrogen abundance
of MN112 is slightly lower: He/H ' 0.27 ± 0.05 (by number
of atoms) and 0.29 for P Cygni, however, both stars have
the same nitrogen overabundance (XN/X = 6.8 ± 1.5) and
the underabundance of carbon (XC/X < 0.1 for MN112
and XC/X = 0.3 for P Cygni). We used solar metallicity
(XSi/X = 1.0± 0.1, XFe/X = 1.0± 0.2) for all MN112 mod-
els.
5 DISCUSSION AND CONCLUSIONS
In this paper, we present the results of modeling with CM-
FGEN code the optical and NIR spectra of Galactic cLBV
star. According to the modeling results we have achieved
good consistency of synthetic spectra with observations.
The first estimates of the luminosity and basic stellar
parameters of MN112 were obtained. The hydrogen fraction
of MN112 by number of atoms is slightly lower (He/H '
0.27) compared to P Cygni (He/H ' 0.29), while the chem-
ical abundances of N, Si and Fe are almost equal. In the
MN112 spectrum the Balmer series lines have weak absorp-
tion components and the Fe ii lines are not present. We found
that MN112 has higher temperature at hydrostatic radius
T∗ = 22 800K and lower effective temperature Teff = 15 200K
than P Cygni. Significant difference between T∗ and Teff in-
dicates to highly extended photosphere of MN112.
The relative strength of the electron-scattering wings
in the Balmer series lines in all models of MN112 (volume
filling-factor f = 0.1 − 0.4) is less compared to P Cygni
( f = 0.5). The luminosity of out best-fit model of MN112
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Figure 8. Best-fit models of MN112 with equal effective temper-
atures Teff = 15.2kK at different photospheric velocities. Observed
spectrum of MN112 is marked with black solid line. Top: mod-
els with terminal velocity V∞ = 300km s−1; different photospheric
velocities are marked with black dashed line (V0 = 1km s−1), grey
solid line (V0 = 10km s−1), black dotted line (V0 = 15km s−1) and
grey dashed line (V0 = 20km s−1) Bottom: models with termi-
nal velocity V∞ = 325km s−1; different photospheric velocities are
marked with black dashed line (V0 = 20km s−1) and grey solid line
(V0 = 30km s−1). Top and bottom, from left to right: λ10917, H I
(Paγ) λ10938; He I λ12783-12846, H I (Paβ) λ12818; He I λ21617-
21649, H I (Brγ) λ21655.
5870 5875 5880 5885
1.0
1.5
2.0
2.5
3.0
3.5
4.0
6555 6565 6575
2
4
6
8
10
12
Wavelength, Å
No
rm
al
ize
d 
flu
x
Figure 9. Comparison of best-fit models (V∞ = 300km s−1) of
MN112 with turbulent velocities Vvturb = 25km s−1 (black dotted
line) and Vvturb = 40km s−1 (grey solid line). Observed spectrum
of MN112 is marked with black solid line.
L = 5.77 × 105 L close to the luminosity of P Cygni. We
obtain the mass-loss rate ÛM f −0.5 = 5.74 × 10−5 Myr−1, ve-
locity law β = 3.4, photospheric velocity V0 = 1 km s−1 and
terminal velocity V∞ = 300 km s−1 estimates. The wind per-
formance number of MN112 η = c ÛMV∞/(L∗) is almost equal
to P Cygni one (V∞ = 185 km s−1). MN112 are in slightly
higher ionization state even with lower temperature com-
pared to P Cygni, which related to significant difference in
filling-factors. In case of determination of mass-loss rate by
recombination hydrogen and He I lines, increase of filling-
factor reduce wind density at low velocities V < Vcl.
We have compared the spectrum of MN112 with the
spectra of confirmed LBVs, LBVs candidates and Of/late-
WN stars presented in Humphreys et al. (2014). There are
three LBVs AF And in M31 and Var B, Var 2 in M33 that
have the optical spectrum is similar to MN112. The spec-
tra of these stars do not have Fe ii and [Fe ii] lines and they
are similar to the spectra of Of/late-WN stars. As shown by
Humphreys et al. (2017), LBVs have lower wind velocities
V = 229 km s−1 for hydrogen lines and V = 221 km s−1 for
He I lines compared to V = 329 km s−1 and V = 313 km s−1
for Of/late-WN stars. The wind velocities of MN112 are
V = 263 km s−1 for hydrogen and V = 187 km s−1 for He i
lines. These estimates close to the wind velocities of LBV
stars. However, MN112 has a higher wind terminal veloc-
ity estimates V∞ = 300 − 400 km s−1 with an extended wind
acceleration zone (β = 3.4 − 6.5).
The effective temperature and wind terminal velocity
of MN112 are lower than those of the LBV candidates with
Of/late-WN like star spectra, while MN112 has a signifi-
cantly higher mass-loss rate compared to late B-type stars.
The presence of short-term spectroscopic changes could con-
firm the LBV status of MN112. We have compared the spec-
trum of MN112 from this work with the spectrum obtained
in 2015 with 6-m BTA telescope. Unfortunately, low spectral
resolution (∼ 5 A˚) does not allow us to estimate the changes
in the spectrum properly. Further investigations are needed
to determine the status of MN112.
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